Background. American health care is transitioning to electronic physician ordering. These computerized systems are unique because they allow custom order interfaces. Although these systems provide great benefits, there are also potential pitfalls, as the behavioral sciences have shown that the very format of electronic interfaces can influence decision making. The current research specifically examines how defaults in electronic order templates affect physicians' treatment decisions and medical errors. Methods. Forty-five medical residents completed order sets for 3 medical case studies. Participants were randomly assigned to receive order sets with either ''opt-in'' defaults (options visible but unselected) or ''opt-out '' defaults (options visible and preselected). Results compare error rates between conditions and examine the type and severity of errors most often made with opt-in versus opt-out defaults. Results. Opt-out defaults resulted in
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The current research examines the influence of 1 basic facet of electronic order systems, the choice of defaults, on the frequency and severity of medical errors. It investigates 2 primary concerns: whether physicians can override defaults and whether they are more likely to do so when the decision is important.'
METHODS
In October 2011, 171 Graduate Medical Education residents across all years of training in internal medicine, psychiatry, family medicine, and internal medicine-psychiatry were invited to complete an online survey with 3 common inpatient scenarios. A $20 gift card incentive was offered for completion of the exercise. The invitation was distributed by e-mail and specified the deadline for completing the study (approximately 1 week later). Anyone who did not participate within the first 2 days received an additional reminder e-mail about the study, and remaining nonparticipants received a third reminder toward the end of the week.
The 3 scenarios used in the current study are simplified versions selected from 8 original case studies that were developed by 5 physicians and pretested in May 2011. The pretest was conducted with residents in the same 4 residency programs at the same institution. The recruitment pool for the current study only included residents who did not participate in the pretest, and therefore the sample is heavily skewed toward first-year residents. Table 1 provides a breakdown of participants by program and year.
Qualtrics survey software was used to design the study materials. Qualtrics also hosted the online survey for data collection; all random assignment was implemented through a feature of this software. There was no time limit for participants to complete the exercise.
Procedure
Participants completed order sets for all 3 cases in a randomized order. Each vignette included a patient description, medical history, home medications, physical examination, and laboratory results. The corresponding order sets contained diagnosis-specific options for medications, diet, nursing, laboratory results, and studies. To simulate actual clinical order templates, items were also included on the order sets for several filler categories (diagnosis, level of care, activity, allergies, and vital signs); these items were not scored or included in analysis.
The 3 cases described patients with a pulmonary embolism, a gastrointestinal (GI) bleed, and community-acquired pneumonia. All formatting and content choices were created to be as consistent as possible with actual CPOE templates while still allowing us to test our hypotheses. Normal ranges were provided for all laboratory results in the case text.
At the end of the survey, we asked participants for their program, year, their guess as to the purpose of the study, and any comments they had for the researchers.
Participants were randomly assigned to receive the order sets with 1 of 2 default formats: an opt-in format in which the order sets had all potential orders visible and unselected, or an opt-out format in which the order sets had all of the same potential orders visible, and most options were preselected.
Participants in the opt-in condition selected options to order for each patient. Participants in the opt-out condition could select items they wanted to order, unselect those they did not want to order, or leave any preselected items checked.
The preselected options in the opt-out default condition were set up as follows: In the filler categories (vital signs, level of care, and activity), only 1 choice was preselected in each category. In the diet category (which was analyzed), the ''regular'' diet choice was preselected in all 3 order sets. The remaining 3 choices in this category (''no concentrated sweets,'' ''low fat/low cholesterol,'' and ''nothing by mouth [NPO]'') were not preselected, since, like the filler categories, it would not make sense to order multiple items in this category (NPO is incompatible with a regular diet, for example). All other categoriesnursing, new medications, home medications, laboratory results, and studies-had every choice preselected, with 1 exception. The exception was in the ''new medications'' category of the case involving a patient with a pulmonary embolism (PE). There were 4 new medication options on this particular order set, and all 4 were blood thinners. Our physician co-author informed us that it would not be realistic for all of them to be preselected, and therefore, only 1 (''enoxaparin 80 mg subcutaneously every 12 hours'') was preselected, and participants had to ''opt-in'' to each of the other 3 choices (heparin, Coumadin, or a lower dose of enoxaparin) if desired. Table 2 presents 1 of the 3 case scenarios (the GI bleed case). The opt-in and opt-out order sets for this case are shown in Tables 3 and 4 .
Error Coding
Prior to analysis, 1 of the case authors determined the medically ''correct'' choice for each item on the order sets and classified the incorrect choices by error type and error severity. We consider 2 types of medical errors: errors of omission (physician fails to select a necessary item, i.e., ''underordering'') and errors of commission (physician fails to remove an incorrectly preselected item and/or actively selects an incorrect item, i.e., ''overordering''). We also examine 2 levels of severity: high impact (likely to endanger patient's health or cause undue discomfort and/or financial burden) and low impact (patient harm or death unlikely; no extreme discomfort or costs). Items on each order set were classified by both error type and error impact; classification occurred on an item-byitem basis.
Sample Case and Error Descriptions
For example, the following information was provided about the patient with a GI bleed (condensed to pertinent details only; the full case text and all order set choices can be found in Table 2 ):
A 67-year-old man with a history of diverticulosis presents with 12 hours of bright red blood per rectum. He denies fevers, chills, or abdominal pain. He was on the toilet this morning and passed a large amount of bright red blood. He became dizzy when he stood up, and his wife called 911.
Medical history includes coronary artery disease with bare metal stent 2004, hypertension, diverticulosis and chronic obstructive pulmonary disease (COPD). Physical examination: temperature 98.8°F, heart rate 120, blood pressure 92/68. Cardiovascular tachycardia, abdomen nontender.
Laboratory results: hematocrit 28%, blood urea nitrogen (BUN) 38, creatinine 1.8.
Patient is admitted for management of GI bleeding presumed due to diverticulosis.
We expected participants to make the following inferences from this information:
1. The patient may be losing a substantial amount of blood, and this is dangerous. This is indicated by the patient's low blood count and symptoms of hemodynamic instability (low blood pressure, elevated heart rate, and dizziness). 2. The patient's age and history of diverticulosis suggest that the source of bleeding is in the lower GI tract. His symptoms (bright red blood, lack of vomiting blood) and laboratory results (normal BUN-creatinine ratio) are consistent with this diagnosis.
These inferences point to a standard course of treatment; to start, a physician should immediately order IV fluids to increase volume in the bloodstream. 5 The consequences of not adequately resuscitating a patient could be fatal. On the order set for this case (Tables 3 and 4) , we expected participants to select for nursing staff to ''place peripheral intravenous line (IV)'' and ''maintain 2 peripheral IVs at all time'' to facilitate rapid infusion of both blood and IV fluids. Both counted as high-severity errors of omission if they were not selected, which is congruent with evidence-based and expert recommendations. 6 The second inference, that bleeding likely originated in the lower GI tract, predicts that bleeding may stop on its own, as this occurs in the majority of cases. 7 In addition to requiring volume resuscitation, patients may need a blood transfusion depending on the volume of blood loss as well as other comorbidities and age. The patient's vital signs and blood count should be monitored closely until blood pressure and heart rate are back to normal and blood loss has stabilized. Given that the patient's hematocrit (a useful value in determining degree of blood loss) was 28% upon entering the hospital, a transfusion may be warranted based on initial blood loss regardless of how long the bleeding continues. Therefore, it was considered necessary and important to order a ''complete blood count (CBC) every 6 hours'' and to ''type and screen now'' so that the correct blood type could be secured in case a transfusion was required. Failing to order each of these items was also labeled a high-severity error of omission.
Finally, strong evidence supports colonoscopy as the study of choice once bleeding has subsided. 8 The most common cause of lower GI bleed is diverticulosis, but colonoscopy can confirm this diagnosis and rule out other potential alternative explanations such as colonic lesions (colon cancer/polyps), colitis, or internal hemorrhoid. If a colonoscopy was not selected, this was also coded as a high-severity error of omission. In preparation for the procedure, the patient should not eat anything, so we considered ordering an NPO diet to be necessary and a highseverity error of omission if this diet choice was not selected.
In addition to initiating beneficial treatments, clinicians must stop or prevent treatment with anything that could cause harm. Several of the patient's home medications are blood thinners, and these should be discontinued so they do not exacerbate symptoms by increasing the rate of fluid loss. 9 It was considered a high-severity error of commission if residents selected for the patient to start enoxaparin or to continue aspirin and clopidogrel.
The high-severity errors previously described are all relatively straightforward and in line with established clinical guidelines; however, there are also some items on the order set that are more ambiguous. For example, 1 new medication option is ''acetaminophen 650 mg by mouth every 6 hours as needed for pain.'' Since the patient was not in pain, acetaminophen is an unnecessary treatment, and ordering it would be an error of commission. However, this would be a low-severity error of commission, because it would not be particularly harmful to order the pain medication, especially since it is written for use only ''as needed.'' Additionally, it would be excessive if the physician ordered a ''CBC now'' because it was just performed in the emergency room. However, the cost of an unnecessary CBC is not all that high, so ordering the extra CBC was classified as a lowseverity error of commission.
Low-severity errors of omission include omitting the patient's tiotropium and albuterol medications. We thought it was best to continue them given the patient's history of COPD, but unlike the highseverity errors of omission, ordering these medications is not absolutely essential. In addition, we considered it a low-severity error of omission if the physician discontinued the patient's fish oil supplement. This decision is debatable given that fish oil is a mild blood thinner. However, we thought it best to continue the supplement for 3 reasons: the patient has a history of coronary artery disease, all other blood thinners must be discontinued, and fish oil is not associated with increased bleeding. 10 
Analysis
Error rates for each of the 4 error classifications (high-impact omission, high-impact commission, low-impact omission, and low-impact commission errors) were calculated by dividing the number of errors a participant made of each type by the total possible number of errors of that type that could have been made. Average error rates for the 2 default conditions were compared using analysis of variance. All analysis was conducted using the GLM and MULTTEST procedures in SAS version 9.3 (SAS Institute, Cary, NC).
We present the results for the GI bleed sample case in Table 5 ; the other 2 cases and their results can be found in the Appendix. An explanation of error selection for these cases is available from the authors upon request.
RESULTS
One hundred seventy-one residents (115 internal medicine, 9 medicine-psychiatry, 34 psychiatry, and 13 family medicine) received an e-mail invitation to participate. Of these residents, 50 started the survey and 45 completed it (26.32% overall completion rate, 90.00% completion rate out of those who started the survey). An additional 17 participants clicked on the link but did not make it past the initial instruction page, so we do not count them as having ''started'' the survey. Of the 5 who started the survey, 4 were in the opt-out default condition. One of the opt-out condition dropouts completed the cases but not the final questions about program, year, and so on; the rest did not finish an order set for any of the 3 cases (the order set was spread over 3 pages in the survey). Results were calculated using all complete responses; there were 24 participants randomly assigned to the opt-in condition and 21 randomly assigned to the opt-out condition (see Table 1 ).
Participants completed the survey in an average of 16.18 minutes (range, 5.88-54.92 minutes). The average completion time did not differ significantly between conditions (average time (minutes): opt-in = 17.30, opt-out = 14.89, P = 0.37).
The results showed that the type of default used on the order sets influenced the number of items ordered. Specifically, physicians in the opt-out default condition ordered an average of 3.39 more items per case scenario than did physicians in the opt-in default condition (P \ 0.001, 95% confidence interval [CI] 1.65-5.13). (Reported means and confidence intervals are from a joint distribution of the difference between means: that is, the difference between conditions on average, not the difference between the averages.)
In a comparison of overall omission and commission error rates between default conditions (collapsed across high-and low-severity items), the results showed a higher rate of omission errors with opt-in defaults (mean difference in error rates = 8.47 percentage points, P = 0.002, 95% CI 3.05-13.88) and a higher rate of commission errors with opt-out defaults (mean difference = 12.61 percentage points, P \ 0.001, 95% CI 7.20-18.03).
When we included the error impact in our analysis, we saw a significant 3-way interaction between the default condition, type of error, and error impact (P = 0.01). While opt-in defaults tended to lead to more errors of omission overall, the average omission error rate for the opt-in condition was 13.84 percentage points higher than that of the opt-out condition for low-impact omission errors (P = 0.001, 95% CI 6.18-21.50) but only 3.09 percentage points higher for high-impact omission errors, which is not a statistically significant difference (P = 0.43, CI -4.57 to 10.75). Similarly, opt-out defaults resulted in more errors of commission than opt-in defaults overall, but the average opt-out error rate was 16.82 percentage points higher for low-impact errors of commission (P \ 0.001, 95% CI 9.17-24.48) compared with 8.40 percentage points higher for high-impact errors of commission (P = 0.03, 95% CI 0.75-16.06). Thus, while defaults did influence both low-and highimpact errors of at least 1 type, the magnitude of influence was much larger for the low-impact errors relative to the high-impact errors of each type.
DISCUSSION
For many medical decisions, physicians were more likely to accept a default than to change it, regardless of whether the default was to order (an opt-out default) or omit (an opt-in default) a potential treatment. As a result, with opt-in defaults, physicians ordered fewer total treatments and were less likely to order extra treatments than with opt-out defaults, but they were also more likely to omit necessary treatments. These effects were moderated by the potential consequences of a decision; defaults had a greater impact on medical treatment choices when the consequences of making an error were relatively low.
The results suggest that physicians are aware of defaults and that their decision making process may be understood in the context of Payne, Bettman and Johnson's metacognitive ''accuracy-effort framework,'' which posits that decision makers use different strategies depending on whether minimizing effort (making a decision as quickly and easily as possible) or maximizing accuracy (making the best possible decision) is more important in the particular case in which the decision is made. 11 Since overriding a default requires more effort than passively accepting it, 12 this framework predicts that physicians would accept benign defaults but would be willing to put forth the effort to override incorrect defaults when accuracy was crucial. While this could be a strategy to preserve scarce cognitive resources for more important choices, [13] [14] [15] and low-severity medical errors may not influence patient outcomes in a directly harmful way, they may still add to the overall expense or affect the delivery of health care. Note: The error rate for each condition is the percentage of people in that condition (opt-in or opt-out) who made each error. P values were adjusted using the Bonferroni method for 93 tests (the total number of items across all 3 case scenarios). *P \ 0.05; **P \ 0.01; ***P \ 0.001.
Two alternative explanations for default effects in addition to an accuracy-effort paradigm are the status quo bias, whereby overriding a default means changing the status quo, which people generally find aversive, 16 and the idea that defaults are sometimes interpreted as a recommendation. 17 In a study in which a group of pulmonologists were presented with a fictional patient who had chest pain and were asked to determine whether to order or omit a lung computed tomography (CT) scan for the patient, 54% ordered the scan. The interesting part is that when another group of pulmonologists were told that the CT had already been ordered but not yet administered and they were given the option to either leave the CT order intact or cancel it, a full 71% agreed to the CT scan. 18 Although the physicians in this group presumably would not have ordered the CT themselves at this frequency, they were reluctant to cancel the existing order. This study provides an example of how defaults in any system are likely to have both the status quo effect and the recommendation effect. While both of these explanations contribute to default effects, our results show that it is also important to consider the accuracy-effort framework because of the relative impact of defaults to more or less depend on the potential severity of an error.
One limitation of this experiment was the low response rate, which resulted in a small sample. Because residents were randomly assigned to opt-in and opt-out default conditions, sample features should affect participants in both conditions equally but we should be cautious about generalizing these results. Despite this concern, our results may be generalizable to more experienced physicians in addition to residents. Clinical expertise might have a general effect on susceptibility to the influence of defaults; more experienced physicians may have lower error rates across the board. However, even if these doctors were less sensitive to default effects in general, we would still predict any differences in ordering with opt-in versus opt-out defaults to be greater for the low-severity relative to the high-severity choices.
Future research that directly measures or, better yet, independently manipulates effort and accuracy would provide stronger support for our hypothesis. For example, assuming that people are able to respond more quickly to decisions involving less effort, the length of time participants spend responding to different defaults could provide one measure of how much effort physicians exert for different medical decisions; we would expect that longer reaction times would be positively correlated with increased treatment impact. To manipulate these variables instead, one might randomly assign participants to receive either opt-in or opt-out defaults while also varying participants' level of fatigue prior to completing the study. Increased fatigue should cause all decisions to be more effortful; therefore, we would expect that physicians might be more likely to rely on defaults near the end of a long on-call shift (when fatigue is likely to be high) than at the beginning of a shift (when they are refreshed and alert). One could manipulate the value of accuracy by varying whether the patient's treatment will be based on a single physician's opinion (the participant) or whether multiple independent physicians will jointly determine medical care.
While our results can predict that in general, the influence of CPOE defaults on medical decision making may differ based on the importance of a particular selection, we cannot speak to the extent to which this is likely to influence actual health care costs or patient safety. To test whether defaults had a greater effect in decisions of lower consequence, we held constant all of the other factors that influence physicians' decisions.
Although our use of case scenarios could also arguably affect the external validity of our findings, we doubt this would be the case when considering the expansive literature on default effects on real-world behavior, including physicians' decision making. 2, 3, [19] [20] [21] Our classification of errors, while clinically supported in most cases, is by nature subjective in others. However, our results most directly speak to differences in ordering patterns; that is, if error rates differ, then by definition, orders had to be different as well.
This research exposes a potential decision-making bias that is or soon will be relevant to almost every American physician. Once armed with this awareness, it is up to clinical institutions to use this knowledge to further test and optimize the particular defaults that are relevant to their practices. To determine specific applications of these results to individual medical practices, further study is necessary in particular contexts in particular settings.
Further analysis of actual financial and safety costs of low-and high-impact errors to individuals and institutions could contribute to the development of better defaults. To the end that physicians appear to evaluate default options with a metacognitive approach that balances the effort required to override a default and the potential cost (physical and financial) to the patient, we are optimistic that optimal designs can be implemented.
Finally we believe that our results have significant implications for training and practice. Physicians increasingly have the opportunity to create their own personalized ''smart sets'' with custom defaults and order set options. We want to underscore the importance of careful consideration of these defaults.
For example, we offer a counterintuitive recommendation: Although intuition suggests that one should be most careful when designing defaults for the highest impact treatments, our results suggest the opposite. Since this research shows that physicians are least likely to override defaults for lowimpact treatments, the most important defaults may be those for the least important treatments. When setting up order templates, then, health care providers should focus on choosing optimal defaults for the low-impact items, as these defaults may powerfully influence physicians' behavior. These might include opt-out defaults to encourage preventive care and opt-in defaults to discourage orders that are of dubious necessity or cause undue patient discomfort.
We hope that as more hospitals, clinics, and private practices adopt electronic health systems, physicians will seize the opportunity to create intelligent defaults. An important implication from this body of research is that there may be only a short window of opportunity to get it right. Once these design decisions are made, they become the default and, optimal or not, they will be very difficult to change. Note: The error rate for each condition is the percentage of people in that condition (opt-in or opt-out) who made each error. P values were adjusted using the Bonferroni method for 93 tests (the total number of items across all 3 case scenarios). *P \ 0.05; **P \ 0.01; ***P \ 0.001.
